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Method for preparation of N-phosphonomethylglycine. 

@ An improved method of preparing N- 
phcsphonomethylglycine in yields over 80 percent compris- 
ing: (a) hydrolyzing a phosphonate of the formula 



0 
II 

R-C-n 



/ CH^CN 



wherein in R, R' and R' are Ci-C^ alkyi at a temperature 
between about 55°C to reflux temperature water in an 
amount sufficient to provide a mole ratio of water to 
phosphonate within a range of abut 10:1 to about 60:1 and 
HCI in an amount sufficient to provide a mole ratio of HCI to 
phosphonate within a range of about 2:1 to about 4:1 or 
higher to yield an acidic aqueous solution of N- 
phosphonomethylglycine; (b) removing volatile phosphon- 
ate from the acidic aqueous solution of N- 
phosphonomethylglycine either during or after the hydrolyz- 
ing step; (c) precipitating N-phosphonomethylglycine from 
the acidic solution of N-phosphonomethylglycine by: (1) 
cooling said solution to below about 80^; (2) raising the pH 
of the said solution to within a range of about 1.0 to about 



1.8; (3) seeding the solution with 2-4 ppm solid N- 
phosphonomethylglycine with agitation; and (4) further 
cooling said solution to about 25**C and continuing agitation 
and cooled for about 1.5 hours; (d) recovering the precipi- 
tated N-phosphonomethylglycine from its mother liquor; 
and (e) washing the recovered N-phosphonomethylglycine 
with water to remove impurities and ammonium chloride. 
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METHOD FOR EREPARflTION OF N-PHOSPHONOMETTHYLGLYCINE 

Field of the Invention 
Oh is invention relates to an imptxved process for preparing 
N-phosphonoroethylglycine in high purity and in high yields. 

Background of the Invention 
Certain salts prepared fran N-phosphononethylglycine are effec- 
tive as post-emergence herbicides. 

U.S. Patent 4,427,599, incorporated herein by reference, relates 
to a process fac preparing N-^bosphonomethylglycine by: 

(1) reacting !# 3,5-tricyancmethylhexahydro-1,3,5-tria2ine with 
an acyl halide, preferably acyl chloride to form the N-cyancmethyl-M-halo- 
methyl amide of the acyl halide; 

(2 ) reacting the amide with a piiosphite to form N-acylamino- 
methyl-N-cyananethyl phosphonate; ana 

• ' (3) hydrolyzing this phosphonate to yield N-(phosphonojnethyl)- 
glycine. 

tore specifically this prior art patent teaches a process illus- 
15 t rated by the following reaction schane: 



a) 10J2CHSr N-CH2CN + R-C-x >- r-c-n 

CH2CN 

wherein R is an aliphatic or aromatic grqi^ as defined therein, prefer- 
ably C1-C4 alkyl, most preferably methyl or ethyl and X is chlorine, 
brcmine, car iodine, preferably chlorine. 

p ^CH2CN qr2 - o CH2CN 

^"^OS ^ H^-0r3 ^ R-C-n'^ ^QrI + r3x 

" CH2X \ai2P 



BNSDOCID: <EP 0164923A2_I_> 



01 64923 

2 

herein R an3 X are defined as above ana r1 and r2 are both arcmatic groi^ 
or both aliphatic group, preferably r1 and r2 are Ci-Ce allqrl/ nore pre- 
ferably C1-C4 alkyl, and r3 is an aliphatic group, preferably R^ is Ci- 
C6 aikyl, more preferably C1-C4 al3cyl or R^ is an allcali metal (M) , pre- 
5 ferably sodiiin or potassium. 

o CH2CN ^ yQa-2(xm. 

C) R-C-N QR^ + H2O 

O Or2 ^ OH 

vdierein R, R^ and r2 are as defined above and H+ is a strong acid such 
as hydrochloric, h^robrcmic, hy3riodic, nitric, sulfuric, phosphonic or 
chloroacetic acid. Preferably H+ is hydrociiloric or hydrobratiic acid. 
Preferably, the hydroylsis is run in the presence of a strong acid. 

10 D.S. Patent 4,427,599 teaches that a solvent such as ethylene 

chloride can be used in step (b) and that any solvent used in step (b) 
will be raooved after oorapletion of reaction step (c) . 

D.S. Patent 4,427,599 also teaches that in reaction step (c), a 
mole of the jiiospbonate reaction product from reaction step (b) is hydro- 
15 lyzed with 5 noles of water. The hydrolysis is run in the presence of a 
strong acid as defined. Preferably the hydrolysis is acid-catalyzed, and 
at least 2 nole of the acid are used and more preferably, a large excess 
over the 2 mole amount is used. 

This last reaction step is taught to be run at a ten^erature 
2) between about 0 to about 200 "C, preferably between about 50" to about 
125'C an? 3»3s*- preferably between about 100° to about 125'C. 



rii' 



Atnospheric, sub-atnoS>heric or super-atmoqpheric pressure can 
be used. Preferably atmospheric pressure is used during the hydrolysis. 

Bie pat^t also teaches that the desired N-idio^onomethylgly- 
25 cine is recovered in high purity by dissolving it in water, adjusting the 



3 
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pH of the solution to between 1 and 2, allowing it to crystallize from 
solution and rortK^ving it by filtration. 

Exarrple 3 of U.S. Patent 4,427,599 specifically teaches reaction 
step (c), i.e./ the preparation of N-phosphonomethyl glycine from the phos- 
5 EAx>nate reaction product of step (b). Ihe yield tliat is recited is only 
35.49%. Exanple 4 teaches another preparation of N-phosphonatiethylglyciJ.;': 
but the yield is caily 64%. 



Brief Description of the Invention 
^is invention relates to an intproved method of preparing 
N-phosphonomethyl glycine in yields over 80 percent comprising: 
10 (a) hydrolyzing a phosphonate of the formula 

O .CH2CN 
R-C-N .CrI 

O Or2 

viierein in R, R^ and R^ are CTC4 al3qrl 

at a tenperature between about 55 *C to reflux temperature with water in an 
anKDunt sufficient to provide a itole ratio of water to ftosphonate within a 
range of abut 10:1 to about 60:1 and HCl in an amount sufficient to pro- 
15 vide a mole ratio of HO. to phosphonate within a range of about 2:1 to 
about 4:1 or higher to yield an acidic aqueous solution of N-phosphono- 
methyl glyc ine ; 

(b) removing volatile organic by-products of the hydrolysis and 
any organic solvent for the phosphonate from the acidic aqi:^us solution 

20 of N^hosphorKxnethyl glycine either during or after the hydrolyzing step; 

(c) precipitating N-phosphonomethylglycine from the acidic solu- 
tion of N-phosphonomethylglycine by: (1 ) cooling said solution to below 
about 80 *C? (2) raising the ?H of the said solution to within a range of 
about 1.0 to about 1.8; (3) seeding the solution with 2-4 ppm solid 

25 N-phosEAioncmethyl glycine with agitation; and (4) further cooling said 
solution to about 25**C and continuing agitation and cooled for about 1.5 
hours; 

(d) recovering the precipitated N-^hosphonomethylglycine fron 
its nother liquor; and 
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(e) washing the recovered N-phosphonomethylglycine with water 
to renK?ve impurities and amnonium chlcaride. 



Detailed Description of the Invention 
In the coimnercial practice of the last reacticn step described 
in U.S. Patent 4,427,599, it has been found necessary to reinove the sol- 
5 vent utilized in the reactioi product of step (b) and all organic by- 
products of the last hydrolysis reaction step before proceeding with the 
precipitaticn of N-phosphoncmethyl glycine (EMG) • 

Also, the pH of the acid aqueous solution of N-phosphonomethyl- 
glycine imist be raised to within a certain narrow range to obtain pecipi- 
10 tated N-phosphonomethylglycine in high yields. 

The by^Droduct R^X of reaction step (b) should be removed. 
This by-product normally will be a lovjer alkyl chloride such as methyl or 
ethyl chloride and can be conveniently ranoved by sinple venting to an 
incinerator. 



15 Preferably a majority (up to about 70% by weight) of the solvent 

(ethylene dichloride) in reacticn step (b) should be renoved before trans- 
ferring the phosphonate reaction product of step (b) to a reaction vessel 
for the last hydrolysis step (c). Preferably, it can be conveniently 
renK^ved by vacuum stripping with oorranercial equipment such as a thin film 

20 evaporator. The remaining solvent, usually about 20-30% by weidit, is 
intentionally not removed from the phosphonate reactant prior to transfer 
of the i*iosE*ionate to a reaction vessel for the last hy3rolysis step. 
Hi is ronaining solvent lowers the viscosity of the phosphonate and allows 
'it to be easily purrped to the reacticn vessel for the hjdrolysis step. 

25 Without some solvent present, the phosphonate is too viscouc fc*r tronsfero 

A suitable reacticn vessel for the hySrolysis step is equipped 
with a reflux head, stirrer and heating and cooling means. 



At least 5 mole of water must be used to insure cuup lete hydrol- 
ysis of the phosphonate reactant to N-E*osphonomethyl glycine. 



^ 0164923 

Preferably, an additional amount of water is used, Ihe total 
arooiKit of water used should be sufficient to provide a mole ratio of water 
to phsophonate within a range of about 10:1 to about 60:1, preferably 
about 25:1 to about 35:1. Ihis preferred amount of water includes water 
5 used in a hydrodiloric acid soluticHi, These molar ratios correspond, in 
practice, to initial water solution containing respectively 45 to 35 
weight percent phosphonate before the additic^ of the acid solution. Ihey 
are selected on a practical engineering basis, ocnsidering the water 
losses during the distillaticni steps of the organic solvents, the minimum 
10 amount of water required to produce the N-phosphcnanethylglycine an3 the 
attainment of a processable slurry after the crystallization step. The 
slurry ooncentraticn of the reccnmended process ccntains 20 to 30% solid 
N-Erf»sphoncmethyl glycine . 

Generally, the less water used above the 5 mole minimum, the 
15 higher the overall yield of the hydrolysis step. However, additional 
amounts of water yield larger, more filterable crystals of N-pbosphono- 
methyl glycine . 

At least 2 moles of 5C1 are reauired to achieve oonplete hydrol- 
ysis of the phosphcaiate. Preferably, the HCl is present in an amount 
20 sufficient to provide a mole ratio of HCl to phosphonate within a range of 
about 2:1 to about 4:1 or higher, preferably about 3:1 to about 3.5:1. 
Larger amounts of BCl are tolerable and cause the reaction to proceed 
faster but such excess is ix)t desirable for it must be neutralized after 
the hydrolysis and the resulting salt must be separated from the precipi- 
25 tated N-phosphonomethyl glycine. 

In the normal order of addition first the phosphonate then water 
are added to the reaction vessel. Thirdly, HCl is added to the reaction 
vessel slowly at a tenperature below dx)ut 50*C. 

J Next, the hydrochloric acid solution is slowly heated to a 

30 temperature above 80**C, preferably above lOO^C, and most preferably to 

reflux temperature to initiate the hydrolysis and allow for the simultane- 
j ous removal of volatile by-products formed by the hydrolysis. 
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Durirq heating of the hydrochloric acid solution care mast be 
taken to allow a large free board space in the reaction vessel to accomo- 
date gas that is suddenly evolved during the hydrolysis step and the 
vaporization of the residual solvent. 

5 As a variation, the water is added to the phosphonate soluticxi 

and the oorabinaticn mixed and thoi allowed to settle to form an aqueous 
solution of the phosphonate and a lower organic layer. At this time, it 
is preferable to remove the organic layer frcm the reaction vessel by a 
slnple E*iase separatic^i. During this phase separation some phosphonate is 
10 also removed. It should be recycled to otain high yields. However, it is 
not required to remove the organic layer at tliis time. Ihe organic layer 
can be roivoved with volatile organic by-products during the hydrolysis 
step as described above. Again an adequate free board space must be pro- 
vided. 

15 Preferably, as an alternative, first water and hydrochloric acid 

are added to the reaction vessel for the hydrolysis step. Next, the solu- 
tion is heated to above about 90*C. The phosphonate is added slowly to 
the hot hydrochloric acid solution, generally over a period of time 
ranging from about 1 to 2 hours. 

20 In a preferred alternative procedure, the phosphonate is prefer- 

ably added along with the solvent used in preceding reaction st^ to a 
reflux ing solution of the hydrochloric acid solution in a suitable reac- 
tian vessel. Again, the preferred solvent is ethylene dichloride and it 
is present in an amount ranging up to 30% by weight, preferably between 

25 about 20-25% by weight. 

Ihe hydrolysis of the above- identified phosphonate is believed 
to take place in multiple steps at varying rates. 

During the first st^ the C1-C4 all^l ester groups of the phos- 
phonate are hydrolyzed at a tenperature around 55-11 O^'C with the release 
30 of t-vJO moles of the corresponding alcohol. Hie methyl ester is hydrolyzed 
at a temperature of around 55-65 *C and the ethyl ester is h\drolyzed 
arourd 75-80**C with the release of ethanol, for example. 
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The subsequent steps involve: (1) the hydrolysis of the acyl 
o 

moiety, R-<J-/ to protonate the nitrogen atcxti of the phosphonate to vtiic±i 
the moiety is attached and yield the acid, R-COOH and (2) the hydrolysis 
of the cyanomethyl moiety with two moles of water to form an amide and 
5 then a carboxylic acid group with the liberati»i of amronia vhich immedi- 
ately reacts with HCl to form ammonium chloride. 

The subsequent hydrolysis steps occur at temperatures of above 
about 70-90"C. 



Ihe hydrolysis is completed by heating at reflux temperature 
10 preferably above lOS'C, more preferably about 105-110*'C for up to about 3 
hours. 

■\folatile organic by-products of the hydrolysis such as alcohols 
(methanol, ethanol), esters (methyl acetate), chlorides (methyl chloride, 
ethyl chloride) , and any residual solvent (ethylene dichloride) must be 
15 substantially removed fran the hydrochloric acid solution during or after 
the hydrolysis of the phosphonate to N-phosphonomethyl glycine. These 
volatile organic products can be removed by stripping than from the reac- 
tion vessel along with a small amount of water. 

Quite surprisingly it has been found that if these volatile 
20 organic by-products and solvent are not substantially removed from the 
aqueous solution of N-phosphOTomethylglycine, precipitaticxi and recovery 
of solid N-^hosphonanethylglycine can not be achieved in high yields with- 
in a few hours time. In other words, their presence greatly slows the 
precipitation rate and yields very fine crystals that are very difficult 
.'^5 to ceparate from ths filtrate (mother liquor). Without substantial 

rero/al of the organic by-products, yields of 30-60% are obtained in the 
same time. The term "substantially renoved" means at least 50 percent by 
weight and preferably above about 70 percent by weight. 

After ccmpleticn of the hydrolysis and stripping of the organic 
30 products r the acid solution of N-phosphoncmethyl glycine can be removed 
fran the hydrolysis reaction vessel v*iile hot (above 80 *C) with slow 
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agitation and placed in another vessel for precipitaticxi of N-fSx5sphono- 
methyl glycine. However/ it is preferred to cause the precipitation to 
occur in the sane vessel. 

Precipitation of N-fiiosphonoraethylglycine at high yield must be 
5 done within; (1) a critical pH range; (2) with seeding the solution with 
solid N^hosphoncmethyl glycine; and (3) with CDoling of the hot soluticxi 
at a teitperature below 60 preferably below about 55-50 'C. 

Ihe pH of the hydrochloric acid solution Tnust be raised from 
around zero to within a range of about 1.0 to about 1.8, preferably within 
10 a range of about 1.2 to about 1.6, most preferably about 1.4. 

The pH is preferably adjusted by reacting the hydrochloric acid 
that is in solutira and any acidic by-product such as acetic acid, for 
exatple, that is in solution with a strong base suc±i as anmonium hydrox- 
ide, sodium hydroxide, organic amines and the like. Preferably, the 

15 adjustment is made with aitmonitm hydroxide to form amnonium chloride and 
water. ;^nmoniun hydroxide is the preferred strong base because the 
resulting airmonium chloride salt has a very hi^ solubility in water com- 
pared to other salts. Most of the ammonium chloride salt is soluble in 
water and OTly a very small amount of the salt ccxitaminates the precipi- 

20 tated N-^hosphonomethyl glycine. 

The preferred organic amines have only a very limited solubil- 
ity in water. 

Preferably the pH adjustment is made before the tenroerature of 
the hydrolchloric acid solution is lowered to below 80**C. 

25 Ihe hydroc±iloric acid and acidic by-product can be removed by 

steam sparging cr boiling the acidic aqueous solution of IMG, but such is 
not preferred. Sudi is very cx>stly. 



30 



If the pH is not adjusted to within the recited range the 
N-phosphonanethylglycine can not be precipitated in high yields as a fair 
amount of it remains in soluticsi. 



g 0164923 

As previously stated, the hydrochloric acid solution of N-phos- 
Fh<xxanethylglycine preferably is seeded with solid N-^hosphononethylgly- 
cine to obtain high yields of precipitated N-phosphonomethylglycine and 
large crystals. Preferably , the solution is seeded with 2 to 4 ppn solid 
5 N-phosphononethyl glycine, more preferably 1-2 ppm. Preferably the seeding 
is done at a tenperature below about 80 preferably between about 65- 
75*C. At tenperatures above about 80*'C, the seedir^ crystals dissolve in 
the hot hjdrochloric acid solution. If the solution is not seeded, 
crystallization usually does not start until the solution reaches room 
10 terperature. Thus, seeding prcmotes crystallizaticn. 

Precipitation of N-phosphononethyl glycine is facilitated by 
lightly mixing the precipitating solution of N-phosphonomethylglycine. 
Light mixing causes larger, more easily filterable crystals of N-phos- 
phoiomethylglycine to form. Hig^i shear mixing breaks the crystal and 
T5 makes filtraticHi or Centrifuging of the precipitated crystals more diffi- 
cult. 

The crystallization is substantially oair?)lete \*ien the hot solu- 
tion terperature is lowered to about 25 ''C and held for about 1.5 hours, 
longer holding times c«ily slightly increase yields. Without the 1.5 hour 
20 holding time, yields of only around 70-75 percent are obtained. 

Ihe precipitated N-phosphonanethylglycine can be recovered by 
separating it frcm the filtrate (mother liqix)r) by filtration or centri- 
fuging. Centrifuging is the preferred irethod of recovering the crystal as 
less water is required to work the crystals. 

25 ^e separated crystals of N-phDsphoncmethylglycine are prefer- 

ably washed with water to remove any iirpurities such as ammonium chloride. 

MDout 2-3 percent by weight additional yield of N-phosphono- 
methylglycine can be realized from the wash waters and mother liquor. 
Biis is accotrolished by (1 ) neutralizing the wash waters and mother liquor 
30 to about pH7 with a base, preferably arrmcmun hydroxide or sodiian hydrox- 
ide; (2) evirating a majority of the neutralized waters; and (3) 
lowering the pH to within the above recited range, preferably 1.4 with HCl 
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and at below about 60*Cr preferably below about 55-50 *C and roost prefer- 
ably at about IS^'C. 

Ttie practice of the process of this invention yields N-phos- 
phonctnethylglcyine in yields over 80% by weight, typically around 80-90 
5 percent by weight, d^nding upon the amount of water used in the hydroly- 
sis, pH adjustment and working steps. Purity ranges from 90 to 98 percent 
in the instant process. 

The process of this inventicKi can be better understood by refer- 
ence to the following specific examples. 

EXAMPLE 1 



10 In a 500 milliliter (ml), 4-nedc round bottom flask fitted with 

a jadceted water condenser, thermometers, and a 250 ml collection flask, 
150 grans (g) of reagent grade Hd solution (37 wt. %) vere added to 150 g 
of water. Ihe mixed acidic solution was heated under reflux to lOC'C. 

lb the refluxing mixture, 120 g of 0,0-dimethyl-^-cyananethyl-^- 
15 acetylaninanethyl phosphonate, hereinafter called "ptosphonate" , solution 
(ocxitaining 72.5 wt. % phosj^onate, 9.3 wt. % ethylene chloride and 18.2 
wt. % unknown) were added via a dropping funnel over 45 minutes keeping 
the vapor tenprature above 80**C. 

During the addition the distillate was collected in 3 fracticxis: 
20 at 1/2, 2/3 and the end of the phosphonate solution addition. Respective- 
ly, 7.8 g, 12.8 g and 21.1 g were collected individually, phase separated 
in a separatory funnel. The organic layers (lover phases) vere weighed 
and analyzed. Rssults showed: 

1st cut, 1.7 g obtaining 80.4 wt. % EDC and 1.4 wt. % methanol 
25 2nd cut, 4.8 g containing 49.7 wt. % EDC and 4.9 wt. %. methanol 
3rd cut, 9,4 g containing 35.3 wt. % EDC and 6.3 wt. % methanol. 



The tennperature of the reaction mixture was allowed bo raise 
from 100**C to 109'C by collecting 43.1 g of distillate. At that tet5)erB- 
ture (109'C) the reaction was switched to total reflux and 50 g of a 29 
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wt, % anmonium hydroxide was added slowly via a dropping funnel over about 
15 minutes. 

The reaction mixture was oooled to 80*'C under itoderate agita- 
tion. Bie pH of the mixture was measured with a standard pH meter 
5 equipped with a tengperature oonpensated electrode and raised fran 1.2 to 
1.4 by adding the adequate amount of aimvonium hydroxide solution. 

Mter the pH adjustment the solution was seeded with a few 
milligrams of solid N^hosphonomethylglycine and oooled at room tenpera- 
ture under moderate agitation. Solid crystals appeared suddenly vAien the 
10 teit^serature reached 60**C and the reaction mixture became a slurry. 

After one hour at room tatperature, the slurry was filtered 
unSer vacuum cn a clean, dried an3 pre-v^ighed 500 ml medium frited glass 
funnel. The mother liquor weighed 259.2 g. 

The filter cake was washed with 150 g of water and the water 
15 wash was recirculated three times through the cake. 178.3 g of water wash 
was- collected. 

Bie frited glass funnel with the cake was dried in a vacuum even 
overnight (50**C and 26 inches of Hg) and weighed. 

The dry cake (58.3 g) was rancved from the frited glass funnel, 
20 hotTKDgenized and sampled as a fine vAiite povder. 

Analysis showed that the powder contained 93.9 wt. % (N-phos- 
jfccxvanethylglycine) respresenting 82% overall yield of N-phosphoncraethyl- 
glycine from the phosphonate. 

EXAMPLE 2 

In a 500 ml, 4-neck rourd bDttan flask fitted with a jacketed 
25 water condenser, thermoneters ai>a a 250 ml collection flask, 115 g of 77.2 
wt. % phosphonate solution was mixed with 150 g of water. Tto the mixture, 
150 g of a reagent grade HCl solutiai (37 wt. %) was added slowly from a 
dropping funnel over 20 minutes, keeping the temperature below 50**C. The 



I 
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reaction mixture was then heated xjp from 50 to 105**C over three hours. 
During the heat-up period the methanol generated during the reaction and 
the residual ethylene dichloride vrere distilled ^ condensed and collected 
in the 250 ml receiver flask* The solution started to boil at eS'^C. 

5 Wiei the ten^serature reached 105*C the condenser was switched to 

total reflux for three hours. The ocMidensate was collected ^ain for 10 
minutes. A total of 61.8 g of distillate was obtained, nie reaction mix- 
ture was then cooled to 70*C and the pH of the solution was adjusted to 
1.4 by adding slowly 45.3 g of a 29 wt. % smcMiiun hjpdroxide solution with 

10 a dropping funnel. The solution was seeded with a few milligrams of solid 
N-phosphoncmethylglycine and cooled to roan temperature. Solids started 
to form at 64*^0. The slurry was stirred for about one hour at 25 'C and 
the solids we?:e separated with a 6 indi dianeter proporticxied laboratory 
centrifuge. The bowl with the dry cloth was weighed first. The slurry 

15 was transferr^ slowly from the reactor flask into the bowl spinning at 
200-300 revolutions per minuted (rpn) . The filtrate was recycled into the 
reaction flask until all. the solids were isolated. 

Itie rotation speed of the bowl was then increased to 800-900 rpn 
for 15 minutes and 310 g of filtrate was collected. 

20 The cake was then washed at low speed (300 rpm) with 150 g of 

water. The water was sprayed on the cake with a 250 ml plastic bottle 
fitted with an atomizer. The water wash was recycled two times before 
increasing the speed to 900 rpm to spin dry the cake and 155 g of water 
was collected. 

25 The bowl with the cake was dried in a vacuum oven overnight 

{50**C and 25 inches cf mercury). 

T3ie dry soldis (60 g) were removed fran the bowl, homogenized 
and sanpled. 

Analysis showed that the solids contained -97.8 wt. % N-phos- 
30 E*icncraethylglycine representing an 85% overall yield fran the phosphonate. 
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EXAMPLE 3 

A similar experiment was conducted with the same equipnent and 
procedure as in Example 2. 

A solution of the phpsphonate (127 g, 69.2 wt,%) was mixed with 
150 g of water. Beagent grade HCl (150 g) was added frcm a dropping 
funnel ever 9 minutes of time with the pot tenperature rising frcm 25*C to 
37**C, The mixture was heated to reflux for 4,3 hours. 

After the reaction was ocmpleted (3 hours reflux at 105'C), the 
condensate was collected and the reaction mixture was cooled to 70*0. 
Next, 500 g of AIAMINE® 336 (a water insoluble, symmetrical Ce-Cio alkyl 
straight chain tertiary amine) was added. The mixture was stirred for 5 
minutes at 65*C and then transferred, to a heated separatory funnel in 
which the two phases were separated for 10 minutes at 85**C. 

The aqueous phase (lower part) with seme solids was transferred 
to a beaker and pH adjusted from 3.3 to 1.48 by adding slowly 33.5 g of 
reagent grade HCl solution (37 wt. %). ftore solids formed at 65*C. The 
solution and solids were cooled at roan tarperature, kept for 1 hour under 
moderate agitation, filtered, washed with 50 g of toluene and dried as in 
Example No. 1. 



Dry solids (66.9 g) were obtained, containing 87.9 wt. % N-phos- 
fAicxxanethylglycine representing an 85% overall yield. 



EXAMPLE 4 



A similar experiment was conducted with the sane equipment and 
procedure as in Exart5>le 2, except that volatile organic by-products were 
reiKSved by steam sparging. 



13ie fJiosphonate solution (132 g, 65.9 wt. %) was mixed with 150 
g of water. Next, 150 g of reagent grade HO. was added slowly from a 
dropping funnel. 
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VZhen the ten^^erature of the reacticxi mixture reached 107*C,. 
super-heated steam was spraged into the reaction mixture until the tert^r- 
ature readied 110**C. 

The reaction mixture was cooled to 80*0, pH adjusted to 1.2 with 
5 43.2 g of anmonium hydroxide^ seeded and cooled to room temperature for 
one hour. 

Bie solids were isolated, washed and dried as in Exairole 1. 

Dry solids (65 g) were obtained attaining 94,46 wt, % of 
N-phosphoncmethylglycine, representing 90% overall yield. 

EXAMPLE 5 

10 A similar experiment as in Excr?>le 2 was conducted, except that 

volatile organic by-products were renoved during the hydrolysis step by 
vacuum stripping. 

After the refluxing period, the reaction mixture was put under 
controlled vacuum for 1 hour (up to 5 inches of mercury) allowing the * 
15 tetperature to drop to 80°C and 100 g of distillate were collected during 
this period. 

Fresh water (100 g) was added to the hot reaction mixture and 
the solids were crystallized, isolated, washed and dried as in Exan^^le 4. 

Dry solids (58.1 g) were obtained containing 96.1 wt. % N-phos- 
20 Eiicaianethylglycine representing 85% overall yield. 

EXZ^MPLS 6 

A similar eacperiment was conduced with the same equipment and 
procedure as in Exarple 2, except that volatile organic by-prcducts were 
not removed during or after the hydrolysis step. 



Bie hydrolysis react ic^ was oxiducted under reflux at Se^'C for 4 
25 hours. After ocCTpletion of the reaction, the pH of the reaction mixture 
was adjusted to 1.5 at 65*C with 58.5 g of ammonium hydroxide. 
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solution vas cooled to room tenperature and maintained for 2 
hours. Very few solids were obtained. 

Ihe mother liquor was left overnight^ some solids were noticed 
17 hours later. They were filtered, washed and dried as in Example 4. 

5 CtHy 19.2 g of dry solids v?ere obtained, as compared to 60. g in 

ExaT5>le 2. Solids continue to appear in the mother liquor after several 
weeks, indicating a very slow cyrstallization rate. 

EXftMPLE 7 

A solution of 41.06 g (150 mmoles) of 0,0-dimethyl "N-acetyl-N- 
cyancmethylaminanethylpho^honate (assay 80.5 wt. %) in 60 ml of water was 

10 prepared in a nitrogen flushed 250 ml, 3-nedc, round bottom flask equipped 
with a magnetic stirrer, a reflux ccxdenser, a thermometer, ana a frac- 
tional distillation head. Concentrated hydrochloric acid (29 ml, 46 g, 
454 imole) was added, the reflux cc^enser was stoppered, and the mixture 
was heated to the boiling point. The volatile components v^re allowed to 

15 distill out of the reactor until the head tenperature reached 95**C (pot. 
107*C). The distillation head was then rOTioved, the reflux condenser was 
unstoppered (stopper replaced with a nitrogen bubbler), and the mixture 
was heated at relux (pot. 107-llO^C) for 4 hours. Bie mixture was cooled 
to ca. 70**C and was thai basified with 14.0 g (231 imoles) of ccncentrated 

20 ammonicm hydroxide to a final pH of 1.0 at 70**C. OJie mixture was hano- 
geneous and dark brovn in color at this point. It was cooled to 20 *C and 
20*'C and allowed to stir for 2 hours before the product was collected by 
filtration. The collected solid was washed with 25 ml of ice-cold water 
and dried at ca. 40**C in vacuo overnight to yield 23.71 g (assay 95.6 wt. 

25 %, 134 imoles, 89.3% corrected yield) of N-phosphoncmethyl glycine. Ihis 
procedure was run a total of five times. The average yield was 89.1 + 
1.7% at the 0.05 significance level. 
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CLAIMS: 

1. An mpro/ed method of preparing N-phosphononethylglycine in 
yields over 80 percent C30rrprising: 

(a) hydrolyzing a phosf^^onate of the formula 

CH2P, 
0 ^Or2 

v*ierein in R, and are €^-€4 cilkyl 
5 at a terperafcure between about 55 •C to reflux temperature with water in an 
amount sufficient to provide a mole ratio of water to jtosphonate within a 
range of ^ut 10:1 to about 60:1 and Ha in an aiount sufficient to 
provide a mole ratio of HCl to prto^rfionate within a range of about 2: 1 to 
about 4:1 or higher to yield an acidic aqueous solution of 
TO N-phosph3nanethyl glycine ; 

(b) removing volatile organic by-products of the hydrolysis and 
any organic solvent for the phosphonate frcm the acidic aqueous soluticxi 
of N-phosphonoraethylglycine either during or after the hydrolyzirg step; 

(c) precipitating N-phosphononethylglycine from the acidic solu- 
15 tion of N-^hosphoncmethylglycine by: (1) cooling said solution to below 

about 80*C; (2) raising the pH of the said solution to within a range of 
about 1.0 to about 1.8; (3) seeding the solution with 2-4 ppn solid 
N-pho^onomethylglycine with agitation; an3 (4) further cooling said 
solution to about 25 '•C and oontinuir^ agitation and coolirg for about 1.5 
20 hours; 

(d) recovering the precipitated N-fAiosphononethylglycine fron 
its mother liquor; and 

(e) washing the recovered N-ftosphononethylglycine with water 
to remove iinpurities and ainnonium chloride. 

25 2. Ihe nethod of Claim 1 vrfierein r'* and r2 are Ci-C2 alkyl 

and said pH adjustment is raised to within a range of about 1.2 to about 
1.6 and the amount of water is sufficient to provide a mole ratio of about 
25: 1 to about 35: 1 and the Hd is present in an annount sufficient to 
produce a nole ratio of HCl to phosphonate of about 3:1 to about 3.5:1. 
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3. T3ie method of daira 2 wherein R, r'' and r2 are all inethyl 
and said pH adjustment is raised to within a range of about 1.2 to about 
1.6. 



4. The nethod of Claim 1 wherein the hydrolyzing step is 
carried out by slowly adding the phosj^ionate to a solution of the HCl and 
water at a tenperature dbove about 90*C. 



